Objective-To report two cases of paraneoplastic limbic encephalitis (PNLE) with similar clinical presentation, but dramatically diVerent outcome and to highlight the role of neuropsychological and radiological evaluation in PNLE. Methods-Both patients underwent an extensive battery of neuropsychological tests designed to document general intellectual function, anterograde verbal and visual memory, naming, knowledge and executive ability. In addition, structural (CT and MRI) and functional (HMPAO-SPECT) brain scans were performed. Results-Both patients presented with fairly sudden onset of profound and persistent memory loss in the absence of other neurological symptoms. Their subsequently diagnosed small cell lung cancer was treated with a combination of radiotherapy and chemotherapy, leading to remission of the tumour. The memory of patient 1 recovered fully and he died from an unrelated cause 1 year later; neuropsychological testing showed a severe, but isolated, anterograde amnesia, brain MRI was normal and HMPAO-SPECT showed left medial temporal hypoperfusion. Patient 2 remained densely amnesic despite regression of her lung tumour; neuropsychological testing disclosed both anterograde and extensive retrograde amnesia together with more generalised cognitive deficits including anomia and executive impairments, MRI showed gross atrophy of the hippocampus and amygdala bilaterally, and HMPAO-SPECT showed pronounced frontal and temporal hypoperfusion. Conclusion-Complete remission from PNLE may occur and seems to be associated with pure anterograde amnesia without evidence of structural hippocampal damage in MRI. By contrast, cognitive deficits beyond severe anterograde amnesia and evidence of destructive medial temporal lobe pathology on MRI seem to be poor prognostic features. (J Neurol Neurosurg Psychiatry 2001;71:40-47) 
Subacute limbic encephalitis was first described as a separate syndrome by Brierly et al in 1960. 1 Its association with neoplasms was postulated a few years later by Corellis et al.
Since then paraneoplastic limbic encephalitis (PNLE) has been recognised as a rare, non-metastatic complication of malignant tumours. It can occur either alone or in combination with other paraneoplastic syndromes-for example, paraneoplastic cerebellar degeneration. 3 4 The symptoms can develop either suddenly 5 or in a slowly progressive way. 6 In 75% of cases the primary tumour is a small cell carcinoma of the lung, but an association with many other tumours including thymoma, lymphoma, colon adenocarcinoma, or testicular tumours has been reported. 7 Paraneoplastic limbic encephalitis may precede the diagnosis of the underlying tumour by several months. The principal symptom is severe amnesia, either in isolation or combined with other cognitive deficits, epileptic seizures, or psychiatric symptoms including hallucinations, confusion, and agitation. Examination of CSF often shows abnormal cells or increased protein. Neuroimaging, particularly MRI, can show medial temporal hyperintensity or atrophy, [8] [9] [10] [11] although involvement of other areas-for example, insula and basal gangliahas also been reported. 7 FDG-PET scanning may show focal hyperactivity involving the medial temporal lobes. 12 13 The presence of anti-Hu antibodies in nervous tissue, serum, and CSF is often reported, 14 but their absence does not exclude the diagnosis: many histologically confirmed cases show negative antibody results. 15 16 The course of PNLE is usually rapidly progressive over weeks to months. Occasional cases of spontaneous remission 17 and improvement due to antineoplastic treatment [18] [19] [20] have both been reported, but the neuropsychological documentation of recovery is virtually absent. As yet, no clear prognostic factors have been established, although it has been suggested that the likelihood of recovery corresponds to the absence of antineuronal antibodies. 15 Although it is generally agreed that an amnestic syndrome forms the core of PNLE, comparatively little is known about the exact nature of the memory impairment or the possible involvement of other cognitive domains. Few authors have used standardised neuropsychological tests to diVerentiate between the diVerent components of memory and many studies have been complicated by concurrent epileptic seizures and anticonvulsant medication. 21 22 The main aim of the present study was to document the neuropsychological and neuroimaging findings in two contrasting patients with limbic encephalitis, one of whom recovered completely after chemotherapy for small cell bronchial carcinoma. Secondary aims were to report (1) the dissociation between abnormal functional (SPECT) and normal structural (MRI) imaging in the patient with full recovery; (2) the finding of profound bilateral hippocampal and amygdalar atrophy in the patient with poor outcome (case 2); and (3) the relation between anterograde and remote memory: severe anterograde without retrograde amnesia was seen in patient 1 whose pathology was apparently limited to the left temporal lobe versus patient 2 who had marked retrograde amnesia in association with more widespread cerebral involvement.
Case 1

PRESENTATION
A 65 year old right handed male university graduate currently working as an insurance executive (with international expertise in damage estimation after natural disasters) was referred in December 1995 to Addenbrooke's Hospital, Cambridge because of a sudden and persistent loss of memory with no other accompanying symptoms. The clinical picture resembled transient global amnesia 23 24 notably severe disorientation, loss of recollection for recent events, and repetitive questioning. By contrast, remote memory remained unaVected: he could recall events accurately from the past, including details of his stay in America 2 years before presentation. No epileptic seizures were seen.
The patient had had two malignant diseases in the past: a seminoma (orchiectomy 1960) and a prostate carcinoma (interstitial radiotherapy 1994), but there were no signs of recurrence in recent years. In 1995 he was treated as an inpatient for myocardial infarction, from which he recovered well. The only regular medication consisted of aspirin and metoprolol. The patient gave up smoking in 1993 and his alcohol consumption was regular but moderate. A chest radiograph performed in summer 1995 was normal as were routine blood tests. There was family history of cancer (mother died of stomach carcinoma) and heart disease (father and one of three brothers died of myocardial infarction).
On admission, the patient was severely disorientated and unable to retain any information for longer then a few minutes. Indeed, his memory loss was so profound that 5 minutes after the lumbar puncture he could not remember any procedure being performed on him! Apart from being considerably overweight, his general medical and neurological examination were normal. The patient was often distressed and painfully aware of his memory problems. He showed great concern for his wife, on whom he was entirely dependent in all practical matters.
INVESTIGATIONS
Routine blood tests were within the normal range and neuronal antibody screening, performed at Guy's Hospital, London, did not yield any positive results (in particular, the results for anti-Hu, Ri, and Yo were all negative). Examination of CSF was performed twice. The first disclosed seven cells (six polymorphs and one lymphocyte) and normal protein (0.4 g/l). On the second occasion there were seven lymphocytes and the protein concentration was increased (0.7 g/l). Both examinations showed positive oligoclonal bands in CSF, but not in serum, suggesting intrathecal synthesis. The MRI with coronal T1 and axial T2 sequences was normal (figs 1 and 2 for comparison of cases). In particular, there were no abnormalities in the medial temporal lobes. An HMPAO-SPECT (fig 3) showed possible bilateral frontal and more clear cut, left sided temporal hypoperfusion. No pathological changes were seen on EEG and visual evoked potentials.
Repeated chest radiography raised the suspicion of a thoracic mass and a subsequent thorax and abdomen CT disclosed a tumour, arising in the right lower and involving the right middle lobe, about 4 cm in diameter. There were also nodal masses at the right hilum and in the subcarinal region. Bronchial biopsy confirmed a small cell carcinoma.
COGNITIVE ASSESSMENT
Formal neuropsychological testing confirmed the clinical impression of a severe but circumscribed amnestic syndrome. The doors and people test, 25 Wechsler memory scale revised (WMS-R)-logical memory subtest, 26 and Rivermead behavioural memory tests (RBMT)-story recall subtests 27 all showed severe deficits (table 1) , particularly when compared with the expected premorbid levels. By contrast, performance on tests of remote memory, including the 50 item famous faces and famous events test of Greene and Hodges, 28 was within the normal range (table 2). The discrepancy between remote and recent memory was particularly clear on the autobiographical memory interview (AMI), 29 where the patient's performance was normal for childhood and early adult life, but clearly impaired for recent life (table 3) .
Tests of working memory and frontalexecutive function showed normal performance including forward and backward digit span, verbal fluency for letter and semantic categories, and the modified Wisconsin card sorting test (WCST, 30 31 a test in which subjects are required to plan and conduct six diVerent tasks over 10 minutes, hence posing high demands on memory function during this period. No abnormalities were detected in his language function and his performance on the graded naming test 32 and on WAIS-Rvocabulary subtests was normal (table 4) . On all WAIS-R subtests his scores were either average (digit span, arithmetic, similarity judgement) or high average (vocabulary, block design, naming).
COURSE
Between February and April 1996 the patient underwent four cycles of chemotherapy (doxorubicin, cyclophosphamide, etoposide) followed by mediastinal radiotherapy between May and June (40 Gy in 15 fractions over 3 weeks). After the first two cycles of chemotherapy a progressive improvement in memory was noted. The patient was able to recount recent life events, including details about his chemotherapy, but remained amnesic for the period December 1995 to March 1996. The regression of the tumour was confirmed by thoracic CT, the recovery of memory by neuropsychological testing. A repeated doors and people test showed a superior visual and an average verbal performance, well in keeping with the patient's own estimation of the degree of his recovery (table 1) . Interestingly, verbal recognition, least aVected during the disease, remained the only subtest on which the patient's performance was under average. His condition remained stable over the next year and the patient undertook several professional Maximum scores for each subtest are given in parentheses.
journeys overseas, where his expertise on damage estimation after natural disasters was highly valued. Regular oncological and neuropsychological checks showed no signs of recurrence. In January 1998, more than 2 years after initial presentation, the patient was admitted as an emergency to hospital with a 1 week history of progressive dyspnoea. Shortly after admission he had a cardiac arrest from which resuscitation was unsuccessful. The postmortem examination confirmed myocardial ischaemia leading to acute left ventricular failure as the cause of death. There was no evidence of recurrence of any of the previously diagnosed malignancies: prostatic, testicular, and small cell lung carcinoma. Macroscopical examination of the brain and meninges was unremarkable. Unfortunately, neurological history was not made known to the pathology department and microscopic examination of the brain was not conducted.
Case 2
PRESENTATION
A 69 year old right handed female university graduate and former A level examiner in English and French literature, was admitted to Addenbrooke's Hospital, Cambridge with several months history of persistent cough and intermittent chest pain and fever and a 2 week history of sudden onset memory loss. She was generally fit and previously led an active life. The medical history consisted only of hypertension, well controlled with bendrofluazide, and a right sided total hip replacement in February 1997. She had never smoked and her alcohol consumption was moderate. The family history included neoplasms in her father and older brother and a ruptured intracerebral aneurysm leading to death from subarachnoid haemorrhage in her twin sister. Diseases associated with cognitive dysfunction and psychiatric disorders had not been reported.
Repeated chest radiography in summer and autumn 1997 were entirely normal, as was the physical examination and ECG. Blood tests showed a slight rise in ALT, erythrocyte sedimentation rate, and C reactive protein.
Transthoracic and transoesophageal echocardiography were normal and the patient's condition stabilised in the first months of 1998. Then, in March 1998, she appeared suddenly disoriented in her own house, started asking repetitive questions, instantly forgetting the answers, and was unable to recall any recent events. Her condition resembled transient global amnesia but showed no signs of recovery. She was, therefore, admitted to hospital.
On the ward she was completely disoriented in place and time. At times she thought she was in a hospital, at other times in a hotel. She did not admit to a memory problem and explained her inability to answer questions stating that "I have just arrived at this new place after a long flight and I am still jet lagged". On rainy days she tended to think that she was in Canada, on fair days in Australia (she knew both countries from visits to her relatives). Subsequent assessment of her remote memory showed that she was able to recall the key events of her early life up to graduating from Cambridge aged 22, but could produce no distinct episode from the past 30 years or so and only very scarce factual details. Her general physical and neurological examinations, however, remained normal throughout her stay in hospital.
INVESTIGATIONS
As on former occasions, routine laboratory tests did not show any abnormalities. Repeated chest radiography suggested widened mediastinum, subsequent chest CT showed mediastinal adenopathy, and mediastinoscopy confirmed the diagnosis of small cell carcinoma. An octreotide scintigram did not show any evidence of abnormal intake in the body or skull suggestive of metastatic disease. The antibody screening performed at Guy's Hospital, London, including anti-neuronal (Hu/Ri) and antiPurkinje cell (Yo) antibodies, was negative.
The initial CT, performed in March 1998, before the beginning of treatment, was normal. Six months later repeat CT showed clear cut medial temporal atrophy (fig 4) . The three dimensional MRI, performed after the completion of treatment in November 1998, also showed dramatic changes: as illustrated in figs 1 and 2 there was severe atrophy of the medial temporal lobes with an almost complete loss of the hippocampus and the parahippocampal gyrus (including the entorhinal and perirhinal cortex) bilaterally and the amygdala complex, especially on the left. There was also a less pronounced atrophy of the thalamus and a mild degree of generalised cortical loss. The HMPAO-SPECT showed markedly decreased perfusion in frontal and medial temporal lobes bilaterally (fig 3) .
COGNITIVE ASSESSMENT
The most pronounced deficit on neuropsychological testing was an almost complete loss of anterograde memory: the immediate recall of a story was minimal (2/47 on WMS-R logical memory, 1/21 on RBMT story), the delayed recall invariably zero. On the doors and people test the severe impairment aVected all subtests, with practically non-existent verbal (0/36) and visual (5/36) recall and recognition barely (80) NT 78
Maximum scores for each test are given in parentheses. NT=Not tested.
exceeding the chance level (table 1) . On the Rey auditory verbal learning test the patient was only able to remember the three most recent items out of a list of 15 after the fifth reading, and was entirely at chance at recognising them out of a list of 50. The deficits extended also to remote autobiographical and semantic memory. Knowledge of past events and people was severely degraded (table 2) . On the 50 item famous events test she identified as real 34 of the 50 true events, but also endorsed a very large number of foils giving her a very poor d 1 score of 12 (hits minus false alarms). On the famous faces test, she failed to name any of the faces and could not produce any accurate identifying information. Results of the AMI showed normal performance for section A (childhood) only, with subsequent increasing impairment for early adult and particularly recent life, where she was scarcely able to produce any specific information (table 3) .
The cognitive deficits were, however, not confined to memory. The patient was severely anomic: she was able to name only one out of 30 items on the graded naming test (table 4) , although she could produce appropriate semantic information for 17 of them. In a few instances she also produced inappropriate semantic information-for example, calling a kangaroo "an African animal". By contrast, her performance on tests of non-verbal semantic knowledge (pyramids and palm trees, 33 noun and verb synonyms (R Berndt, personal communication) and syntactic comprehension (test for the reception of grammar TROG), 34 were within the normal range (table 4) . Despite the anomia she was also displaying remarkable eloquence in the verbal WAIS subtests "similarities" and "vocabulary" (table 4) .
Even more striking than the general anomia was her inability to produce proper names: in the first interviews the only famous names she was able to recall were "Molière" and "Dickens". The anomia for proper names was most clearly evident on a test of recognition of 30 very famous faces. 35 She was able to recognise 26 as "famous" (rejecting correctly eight out of 10 foils), but she could only give specific information for seven and was unable to name a single one.
On frontal-executive tests her performance on verbal fluency was low average (11/minute for letters, 10/minute for categories with occasional perseverations) and on the WCST she could obtain four categories producing 10 perseverations (table 4) . The six elements test could not be completed due to high distractibility. With the exception of the "silhouettes" subtest (requiring naming and hence sensitive to anomia) she passed without any diYculty all other subtests of the visual object and space perception battery, 36 indicating unimpaired visuospatial processing.
COURSE
Between April and July 1998 the patient completed four courses of chemotherapy, consisting of a combination of doxorubicin, etoposide and cyclophosphamide. On the CT of the thorax there were no signs of tumour growth, but no regression of the mediastinal lymphadenopathy. In view of this the decision was made not to recommend any further mediastinal radiotherapy.
No change, however, has been noticed in the cognitive state of the patient. Her behaviour remained the same, with repetitive questioning, immediate forgetting and only very limited insight. Repeated tests of memory showed the same degree of impairment as before the initiation of treatment (table 1) . Interestingly, the patient is still able to play bridge and chess relatively well, although at times she fails to recognise her partners, with whom she used to play for many years.
Discussion
The association between limbic encephalitis and carcinoma, as postulated by Corsellis et al, 2 has been confirmed by many case reports describing patients with an acute or subacute onset of amnesia and other cognitive deficits, followed weeks to months later by diagnosis of a neoplasm. 3 5-10 14-16 Both patients presented here showed several characteristic features often associated with the diagnosis of PNLE. The pattern of clinical presentation was characterised by memory loss, repetitive questioning, and disorientation in time and place, even if the acuteness of onset was somewhat unusual. The diagnosis of the small cell lung cancer followed the appearance of cognitive abnormalities by several weeks. In both patients, severe anterograde amnesia constituted the core of the neuropsychological deficit. Detailed neuropsychological testing showed impairment of both active recall and passive recognition, which cannot be explained by a pure diYculty in accessing the contents of memory. In both cases there was an impressive discrepancy between the inability to retain new information over time and the intact working memory (as measured by the superior results on forward and backward digit span). Subtle deficits were found on frontal-executive tests. The first patient's diYculty on the six elements test might be explicable in terms of the high amnestic demands of this task. The more pronounced frontal deficits in the second patient, on tests such as WCST and verbal fluency, could be partly accounted for by a combination of impaired memory (also explaining the perseverations) and severe anomia. It is not certain to what extent the frontal dysfunction might also be contributing to the anosognosia (lack of awareness of symptoms) in the second patient. There was no impairment of visuospatial processing in either patient.
Although cases of limbic encephalitis with complete remission have been reported before, [18] [19] [20] improvement has come from clinical observations rather than documentation by neuropsychological testing. Our patient (case 1) is the first to be substantiated by detailed neuropsychological evaluation.
Several contrasting features in the two patients are of particular interest. Firstly, patient 1 with profound anterograde amnesia had normal MRI yet abnormal HMPAO-SPECT imaging. This dissociation between normal structural and abnormal functional brain imaging has been previously described in PNLE: two recent studies have described increased metabolic activity in the medial temporal region in FDG-PET which the authors have argued reflects acute inflammatory change in the medial temporal lobe. 12 13 Although patient 1 showed changes on HMPAO-SPECT confined to the left side, we suspect that more sensitive methods would have shown bilateral pathology as global amnesia of this type is almost invariably associated with bilateral disruption of the temporolimbic circuits. 37 38 It should be noted, however, that persistent amnesia after left unilateral strokes involving medial temporal or thalamic regions have been reported (for review see Ott and Saver 39 ). By contrast with patient 1 with full recovery, patient 2 had severe bilateral amygdalar and hippocampal atrophy which developed over a period of 6 months.
The relation between anterograde and remote autobiographical memory remains controversial. The neuroimaging and pathological findings in patients with extensive autobiographical amnesia are diverse: according to some authors the hippocampal region has a critical role in the long term storage and representation of episodic memory throughout one's lifespan. 40 By contrast, others favour the idea that such memories have distributed (hippocampally independent) cortical representations so that diVuse pathology, as seen in Alzheimer's disease or in association with multifocal vascular disease has a particular eVect on such memories. 41 Still others claim a particular role for right frontotemporal regions in autobiographical memory. 42 The finding of profound anterograde yet very limited retrograde amnesia in patient 1 clearly points to a dissociation in the processes and structures underlying these aspects of memory. The extensive retrograde amnesia of the second patient was paralleled by more widespread structural and functional damage, including the hippocampal complex, entorhinal and perirhinal cortices, and the amygdala, as documented by the MRI and SPECT.
Another impressive diVerence between our patients was the performance on naming tasks: whereas the first patient's results were normal, the second patient was severely anomic, particularly considering her high premorbid level of functioning. The inappropriate semantic information produced by the patient when asked to describe some of the items in the graded naming test might indicate a subtle semantic deficit, but her performance was normal on other more specific visual and verbal semantic tests, which do not require naming (for example, pyramids and palm trees, noun and verb synonym judgement tests) suggesting a largely postsemantic cause for her anomia.
It is diYcult to explain the dramatic diVerences in presentation and course between our patients. One possible explanation could be seen in a quantitatively diVerent response to chemotherapy: a complete remission of the tumour in the first patient, but only a partial one in the second. This eVect cannot be due to a delay in treatment, as it was started in the second patient several weeks earlier after the onset of symptoms than in the first one. In addition, consecutive brain CT demonstrated the progression of atrophy despite the remission of the bronchial tumour. Another hypothesis relates to diVerences in the type of antibodies involved. 15 Alamawitch et al 15 compared eight patients with positive, and eight with negative, anti-Hu antibodies, all with a clinical history suggestive of PNLE and histologically confirmed small cell lung cancer. By contrast with those with positive antibody results, the anti-Hu negative patients had more isolated limbic involvement and a higher rate of recovery after treatment. Both of our patients were anti-Hu antibody-negative. It seems likely that, as yet unknown, antibodies might be involved in the second patient, particularly as new antibodies are currently being identified in various paraneoplastic syndromes. 43 Ultimately, only a combination of detailed cognitive assessment, neuroimaging, immunological screening, and postmortem histology will illuminate the nature of PNLE and explain its group.bmj.com on August 15, 2017 -Published by http://jnnp.bmj.com/ Downloaded from clinical heterogeneity. These issues are of considerable scientific and therapeutic importance in view of a possible recovery, as illustrated by the radical recovery seen in our first patient. In conclusion, we suggest that cognitive deficits beyond anterograde amnesia and evidence of destructive medial temporal pathology on neuroimaging are both poor prognostic features in PNLE.
